The migration of T lymphocytes involves the adhesive interaction of cell surface integrins with ligands expressed on other cells or with extracellular matrix proteins. The precise spatiotemporal activation of integrins from a low affinity state to a high affinity state at the cell leading edge is important for T lymphocyte migration 1 . Likewise, retraction of the cell trailing edge, or uropod, is a necessary step in maintaining persistent integrin-dependent T lymphocyte motility 2 . Many therapeutic approaches to autoimmune or inflammatory diseases target integrins as a means to inhibit the excessive recruitment and migration of leukocytes 3 . To study the molecular events that regulate human T lymphocyte migration, we have utilized an in vitro system to analyze cell migration on a two-dimensional substrate that mimics the environment that a T lymphocyte encounters during recruitment from the vasculature. T lymphocytes are first isolated from human donors and are then stimulated and cultured for seven to ten days. During the assay, T lymphocytes are allowed to adhere and migrate on a substrate coated with intercellular adhesion molecule-1 (ICAM-1), a ligand for integrin LFA-1, and stromal cell-derived factor-1 (SDF-1). Our data show that T lymphocytes exhibit a migratory velocity of~15 μm/min. T lymphocyte migration can be inhibited by integrin blockade 1 or by inhibitors of the cellular actomyosin machinery that regulates cell migration 2 .
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Representative Results
On day 6 of culture in the presence of either IL-2 or IL-15, T lymphocytes make up >98% of cells, as determined by positive CD3 staining as well as positive CD4 and/or CD8 staining. For IL-2, we found 83% CD4+ cells, 15% CD8+ and <1% CD4+CD8+ cells. For IL-15, we found 88% CD4+ cells, 11% CD8+ and <1% CD4+CD8+ cells. During T lymphocyte migration on ICAM-1/SDF-1 substrates, cells exhibited a velocity of approximately 15 μm/min that can be sustained over a 1 hour time period. T lymphocyte migration on ICAM-1/SDF-1 is dependent on LFA-1-mediated adhesion, as an anti-LFA-1 ligand-blocking antibody severely inhibits migration. Figure 1 . Cell tracking of migrating T lymphocytes. T lymphocytes isolated from whole blood and cultured in the presence of IL-2 or IL-15 for 6 days were allowed to adhere and migrate on glass-bottomed dishes coated with 10 μg/mL ICAM-1 and 2 μg/mL SDF-1. Images were acquired every 10 seconds for 30 minutes. Cells were identified in each image and tracked over time using Volocity software. This movie shows the random migration of T lymphocytes at a velocity of~15 μm/min. Click here to see the video. Movie 1. Cell tracking of migrating T lymphocytes. T lymphocytes isolated from whole blood and cultured in the presence of IL-2 or IL-15 for 6 days were allowed to adhere and migrate on glass-bottomed dishes coated with 10 μg/mL ICAM-1 and 2 μg/mL SDF-1. Images were acquired every 10 seconds for 30 minutes. Cells were identified in each image and tracked over time using Volocity software. This movie shows the random migration of T lymphocytes at a velocity of~15 μm/min. 
Discussion
In this experiment, we provide details on a simple system to analyze the motility of primary human T lymphocytes. In vitro migration assays have been used to dissect the roles of many molecules and signaling pathways involved in the locomotion of various cell types. Some critical controls to keep in mind when designing your own experiment from our protocol include: 1) Non-adhesive or non-integrin adhesive substrate coatings, such as bovine serum albumin (BSA) or poly-L lysine (PLL), respectively, 2) integrin-specific blocking antibody treatment to determine integrin specificity, and 3) co-coating without stimulatory signal, such as SDF-1 described in our protocol.
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